The association between soya foods and breast cancer risk was investigated in a prospective study of 34 759 women in Hiroshima and Nagasaki, Japan. Women completed dietary questionnaires in 1969-1970 and/or in 1979-1981 and were followed for incident breast cancer until 1993. The analysis involved 427 cases of primary breast cancer in 488 989 person-years of observation. The risk for breast cancer was not significantly associated with consumption of soya foods: for tofu, relative risks adjusted for attained age, calendar period, city, age at time of bombings and radiation dose to the breast were 0.99 (95% CI 0.80-1.24) for consumption two to four times per week and 1.07 (0.78-1.47) for consumption five or more times per week, relative to consumption once a week or less; for miso soup, relative risks were 1.03 (0.81-1.31) for consumption two to four times per week and 0.87 (0.68-1.12) for consumption five or more times per week, relative to consumption once a week or less. These results were not materially altered by further adjustments for reproductive variables and were similar in women diagnosed before age 50 and at ages 50 and above. Among 17 other foods and drinks examined only dried fish (decrease in relative risk with increasing consumption) and pickled vegetables (higher relative risk with higher consumption) were significantly related to breast cancer risk; these associations were not prior hypotheses and, because of the large number of comparisons made, they may be due to chance.
The risk for breast cancer is increased by exposure to high levels of endogenous and exogenous oestrogens (Pike et al, 1993;  Collaborative Group on Hormonal Factors in Breast Cancer, 1997; Thomas et al, 1997) . Soya foods are rich in precursors of the isoflavones daidzein and genistein, which are heterocyclic phenols similar in structure to oestrogens, and it has been hypothesized that a high dietary intake of soya foods might reduce breast cancer risk by interfering with the action of endogenous oestradiol (Setchell et al, 1984) . The results of studies of the effects of dietary isoflavones on oestrogen levels and ovulatory function have varied, but some studies have suggested that high intakes in premenopausal women may reduce serum oestradiol concentrations, suppress the mid-cycle surge of gonadotrophins, and perhaps increase the length of the menstrual cycle (Cassidy et al, 1994 (Cassidy et al, , 1995 Lu et al, 1996; Nagata et al, 1997a) .
Several studies have reported on the association of soya foods with breast cancer risk, but the results have been inconsistent (Nomura et al, 1978; Hirohata et al, 1985; Hirayama, 1990; Lee et al, 1991 Lee et al, , 1992 Hirose et al, 1995; Yuan et al, 1995; Greenstein et al, 1996; Wu et al, 1996; Witte et al, 1997) . We report here the association between soya foods and breast cancer risk among 34 759 women in the Life Span Study cohort in Hiroshima and Nagasaki, Japan. A previous paper reported on the association of breast cancer risk with reproductive factors and radiation exposure in 22 200 of these women who completed a questionnaire in 1979 -1981 (Goodman et al, 1997 ; the current analysis is an extension of that work that uses the risk factors identified in the previous analysis as covariates in the examination of dietary factors and includes women who completed the earlier [1969] [1970] questionnaire in addition to women who completed the 1979-1981 questionnaire.
MATERIALS AND METHODS

Subjects
The Radiation Effects Research Foundation's Life Span Study is a cohort of approximately 50 000 men and 70 000 women. Of these, 93 741 were both present in Hiroshima or Nagasaki at the time of the bombings and city residents on 1 October 1950, the time of the first post-war national census (Preston et al, 1987) . The cohort also includes 26 580 residents not present in either city at the time of the bombings who were identified in special censuses conducted between 1950 and 1953 (Preston et al, 1987) . The data used in the current analysis are from two mail surveys conducted among the Life Span Study cohort to collect further information on characteristics of the subjects including lifestyle, reproductive factors and dietary habits.
The first mail survey of women in the Life Span Study (Survey 1) was sent to the 39 000 women alive on 1 September 1969 September , with mailing between 1969 September and 1970 . A total of 20 832 (53.4%) women responded to this survey. The second mail survey of women in the Life Span Study (Survey 2) was sent to the 34 421 women alive in September 1979 in Hiroshima and in July 1979 in Nagasaki. Three Soya foods and breast cancer risk: a prospective study in Hiroshima and Nagasaki, Japan mailings were made to maximize the response. The last completed questionnaires were received in February 1981. A total of 24 995 women (72.6%) responded to this survey. Women who were absent from the cities at the time of the bombings were included in Survey 1 but excluded from Survey 2. Altogether, 34 759 women completed one or both questionnaires: of these, 9 765 completed the Survey 1 questionnaire only, 13 927 completed the Survey 2 questionnaire only, and 11 067 completed both questionnaires.
Questionnaires on lifestyle, reproductive factors and diet
The mail survey questionnaires sent out in 1969 -1970 (Survey 1) and in 1979 -1980 were very similar; indeed most questions were identical in the two questionnaires. The questionnaires covered reproductive history, weight and height, and other possible risk factors for breast cancer including use of exogenous hormones, smoking and alcohol consumption.
Both the mail survey questionnaires included a section on diet. The list of foods was similar on the two questionnaires. The analyses described here report the relative risk for breast cancer in relation to consumption of nineteen foods and drinks: tofu (soya bean curd); miso soup (miso is fermented soyabean paste); ham, sausage etc.; other meat (including chicken in Survey 2 only); fish (sashimi (raw fish), boiled, fried etc., excluding broiled or dried fish); dried fish; milk; butter and cheese (excluding margarine); eggs; rice; bread; Western-style confectionery; fruit; green or yellow vegetables (pumpkin, carrot, spinach, etc.; included in the Survey 2 questionnaire only); sea vegetables; pickled vegetables (and salted fish gut); coffee; black tea; and green tea.
For rice and bread, the frequencies of consumption were: once or less per day; twice per day; three times or more per day. For green tea, the frequencies were: once or less per day; two to four times a day; five times or more per day. For the other foods, the frequencies were once or less per week; two to four times per week; five or more times per week. In the Survey 2 questionnaire each food and drink had an additional category of never consumed; for compatibility with the Survey 1 data, this category was combined with the next lowest intake category.
Radiation dose estimates
Radiation dose estimates were based on the Dosimetry System 1986 (DS86), which is the result of refinements in radiation doses made by several working groups in Japan and the USA in the 1980s (Roesch, 1987) . The DS86 system breast dose from gamma rays and neutrons is based on physical calculations of yield with individual data on shielding by buildings, terrain and body tissue. We assumed a quality factor (relative biological effectiveness) of 10 for neutrons (i.e. breast dose = gamma dose + 10 × neutron dose) to allow for their differential effectiveness. The actual relative biological effectiveness may vary by dose, but precise values for the breast are unknown.
Follow-up
Follow-up for cancer incidence was by linkage with the population-based cancer registries in Hiroshima and Nagasaki . Follow-up for mortality was by linkage with the Japanese family registration system. This provides virtually complete ascertainment of death and cause of death as recorded on the death certificate for all subjects still living in Japan.
For women who responded to Survey 1, the start of follow-up was taken as the month and year in which the completed questionnaire was received. For women who did not respond to Survey 1 but who did respond to Survey 2, the start of follow-up was taken as February 1981 for Hiroshima and November 1981 for Nagasaki because the exact dates of receipt of the completed questionnaires were not recorded and these were the latest months in which questionnaires were received. The end of follow-up was taken as the date of diagnosis of breast cancer, date of diagnosis of any other malignant neoplasm, date of death, or 31 December 1993, whichever occurred first. Women who were registered with cancer before the start of follow-up were excluded.
Adjustment for migration
For subjects whose follow-up ends in the diagnosis of cancer, it is known that they have not migrated out of the catchment areas of the cancer registries. For other subjects, whose follow-up ends in death or on 31 December 1993, it is unknown whether they are still resident in the catchment areas of the cancer registries, and a proportion of these subjects will have migrated out of these areas. To allow for this migration, the person-years at risk were reduced by adjustment factors, specific for strata of year of birth, calendar period and city, which were estimated from data in the Adult Health Study subcohort of the Life Span Study (Sposto and Preston, 1992; Thompson et al, 1994) .
Statistical analysis
Person-years at risk were calculated using the Person Years computer program (Coleman et al, 1989) . Relative risks were calculated by Poisson regression using the GLIM-4 statistical system (Francis et al, 1993) . All analyses were stratified by attained age (< 40, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80+) ; calendar period (1969-1974, 1975-1979, 1980-1984, 1985-1989, 1990-1994) ; city of residence at the time of the bombing (Hiroshima, Nagasaki); age at the time of the bombing (< 15, 15+); and breast dose in Sv (0, 0.01-0.06, 0.07-0.30, 0.31+, missing). Cut points for the stratification variables were based on previous findings Goodman et al, 1997) .
For those women who returned questionnaires in both Survey 1 and Survey 2 (n = 11 067), person-years at risk were calculated in relation to diet as reported in Survey 1 until the date of entry to Survey 2, after which person-years were calculated in relation to diet as reported in Survey 2. To explore the possibility that a more reliable indication of usual long-term diet might be obtained by using the information from both Survey 1 and Survey 2 for followup after Survey 2, a subanalysis was conducted in which dietary data from the two surveys were combined. Table 1 shows the associations of attained age, calendar period, city, age at time of bombing and radiation dose with breast cancer risk, with these factors adjusted for each other. The risk of breast cancer was highest at ages 55-59. Risk increased significantly with calendar period, with rates in 1990-1994 over twice as high as those in [1969] [1970] [1971] [1972] [1973] [1974] ; this increase in risk with calendar period was only slightly reduced by further adjustments for age at menarche, parity, age at first birth and body mass index (results not shown). Risk was not significantly associated with city of residence or with age at time of bombing. Risk increased significantly with increasing radiation dose to the breast. All subsequent analyses were adjusted for the variables in Table 1 by stratification with the categories as given in the Table. Table 2 shows the associations of reproductive, anthropometric and other non-dietary factors with breast cancer risk. Risk decreased significantly with increasing age at menarche and increased significantly with increasing age at menopause. Risk decreased significantly with increasing parity and was non-significantly higher in women with a late age at first birth than in those with an early age at first birth; a combination of these variables indicated that risk decreased with both increasing parity and with decreasing age at first birth.
RESULTS
Stratification variables
Reproductive, anthropometric and other non-dietary factors
Risk was not significantly associated with weight or height but increased significantly with increasing body mass index. The relationship of body mass index with breast cancer risk was confined to diagnoses at ages ≥50 years; relative risks in the highest category compared to the lowest category were 0.93 (95% confidence interval (CI) 0.44-1.97) and 1.45 (1.04-2.00) for diagnoses at ages < 50 and ≥50 years respectively.
Risk was not significantly associated with use of hormone compounds, smoking, or alcohol consumption. Risk was significantly higher in women who were more educated than in those who were less educated. Table 3 shows the associations of breast cancer risk with tofu, miso soup and 17 other foods and drinks. In each case, the lowest level of consumption was used as the reference group.
Soya foods and other dietary factors
Tofu and miso soup were not significantly associated with breast cancer risk; relative risks in the highest category of consumption were 1.07 (0.78-1.47) and 0.87 (0.68-1.12) respectively. Further adjustment for parity and age at first birth, age at menarche, age at menopause, body mass index and education level had little effect on these estimates (results not shown). The intakes of tofu and miso soup were positively correlated (data not shown), and the risk for breast cancer in women with a relatively high total intake of tofu and miso soup, compared to women with a relatively low total intake of these foods, was 0.94 (0.73-1.20).
The associations of soya foods with breast cancer risk were examined separately for diagnoses at ages < 50 and ages ≥ 50. At ages < 50, relative risks were 1.30 (0.82-2.08) and 1.16 (0.56-2.38) comparing the medium and highest intake categories for tofu to the lowest; the corresponding figures for the ≥ 50 group were 0.92 (0.72-1.17) and 1.05 (0.73-1.49). For miso soup, the relative risks were 1.16 (0.69-1.95) and 1.03 (0.61-1.72) among women diagnosed before age 50 and 1.00 (0.76-1.31) and 0.83 (0.63-1.10) for women diagnosed at older ages.
We also examined the association of soya foods with breast cancer rates in the subgroup of women who had been exposed to very little radiation at the time of the atomic bombings (zero or 0.01-0.06 mSv); the results were similar to those for all women (results not shown).
Of the other foods and drinks examined, the only significant associations were a decrease in risk with increasing consumption of dried fish and an increase in risk with medium and high consumption of pickled vegetables. Further adjustment of the relative risks associated with tofu and miso soup for the consumption of both dried fish and pickled vegetables changed the relative risks for consumption five or more times per week to 1.07 (0.78-1.48) for tofu and 0.80 (0.61-1.03) for miso soup.
Subanalysis of soya food consumption among women with dietary information in both Survey 1 and Survey 2
Of the 34 759 women studied, 11 067 had completed dietary questionnaires at both Survey 1 and Survey 2. The proportions of women reporting the same frequency of consumption in both surveys were 47.2% for tofu and 44.0% for miso soup. The proportions of women reporting extremely different consumption in the two surveys (i.e. once or less per week changed to five or more times per week, or vice versa) were 7.0% for tofu and 18.6% for miso soup. Adjusted for the probability of not having migrated out of the area covered by the cancer registries.
b Test for linear trend.
c Low = ≤1/week in both surveys, or one ≤1/week and the other 2-4/week; Medium = 2-4/week in both surveys, or one ≤1/week and the other ≥5/week; High = ≥5/week in both surveys, or one 2-4/week and the other ≥5/week. To utilize these two measurements, we examined the relative risk for breast cancer in these women during the follow-up period after Survey 2, combining the data from both questionnaires ( Table 4) . Consumption of tofu and miso soup remained unassociated with breast cancer risk: relative risks in the highest category of consumption were 1.19 (0.62-2.29) and 0.74 (0.43-1.28) respectively.
DISCUSSION
This study showed no significant associations between reported consumption of tofu or miso soup and breast cancer risk. Relatively high consumption of tofu was associated with a small increase in risk whereas relatively high consumption of miso soup was associated with a small decrease in risk. Adjusting for other risk factors for breast cancer did not materially alter these results. The reduction in risk associated with frequent consumption of miso soup was greater after further adjustment for consumption of dried fish and pickles but was still only of borderline statistical significance.
The strengths of this study are that the number of cases was relatively large, the dietary data were collected prospectively, and there was a wide range in the reported intakes of soya foods. The weaknesses of this study are that the dietary questionnaire did not include portion sizes, did not include all major foods, and has not been validated, so that it is not possible to estimate the intake of soya isoflavones or nutrients. Misclassification of dietary exposures is likely to cause underestimation of any true associations of dietary components with risk. Also, some cases of breast cancer among emigrants from Hiroshima and Nagasaki may have been missed, but this would not bias the results unless migration was strongly associated with diet.
The findings of previous studies of soya foods and breast cancer risk are summarized in Table 5 . The early case-control study of Hirohata et al (1985) reported identical mean consumption of fat from soyabean products in cases and population controls. Lee et al (1991 Lee et al ( , 1992 reported a reduction in breast cancer risk with high soya consumption among premenopausal women in Singapore, but no associations were observed among post-menopausal women. The larger case-control studies of Hirose et al (1995) and Yuan et al (1995) , conducted in populations with high soya consumption in Japan and China, respectively, found little evidence for an association of soya consumption with breast cancer risk; there was one significant association, a reduction in risk with high tofu consumption in premenopausal women in the Japanese study. Wu et al (1996) reported a reduction in breast cancer risk with increasing tofu consumption among AsianAmericans, but tofu consumption was much less frequent in this population than in the studies conducted in Asia, with a top frequency of only 55+ times per year. A nonsignificant reduction in risk in association with consumption of tofu at least once a week was also reported by Witte et al (1997) in a small study of North American women with bilateral breast cancer.
Only two previous prospective studies have reported on soya consumption and breast cancer risk. In a Japanese cohort, Hirayama (1990) reported a non-significant decrease in risk for daily consumption of miso soup relative to less than daily consumption. Greenstein et al (1996) reported a non-significant reduction in risk among soya consumers relative to nonconsumers, but few women in this North American cohort consumed soya.
Two recent studies have reported that women with newly diagnosed breast cancer had lower urinary excretion of phytooestrogens than control women (Ingram et al, 1997; Zheng et al, 1999) . However, these results could be due to an effect of illness or anxiety on diet and/or metabolism, and in both studies urinary nitrogen excretion was lower in cases than in controls, suggesting that the cases had a relatively low intake of protein and perhaps a low food intake at the time they were studied.
The current analysis of the Life Span Study showed, as in the previous analysis of Goodman et al (1997) , that breast cancer risk was associated with the well established risk factors, including age, age at menarche, age at menopause, parity and age at first birth, and body mass index. The only statistically significant associations of breast cancer risk with dietary factors were a decrease in risk with increasing consumption of dried fish and an increase in risk with high consumption of pickled vegetables; these associations were not prior hypotheses and, because of the large number of comparisons made, they may be due to chance. The absence of significant associations of breast cancer risk with the other foods and drinks examined is compatible with the results of other epidemiological studies of nutrition and breast cancer (Hunter and Willett, 1996) .
This cohort is unusual in that many women were exposed to high doses of ionizing radiation, and this is strongly related to breast cancer risk, as documented in previous studies in this cohort (e.g. Tokunaga et al, 1994) . In contrast to previous reports on breast cancer incidence in the Life Span Study we did not observe a higher risk for women who were very young at the time of the bombing. This is because the highest risk associated with exposure to radiation in previous reports was among women who were under age 20 at the time of the bombing and diagnosed before age 35; all these cases were diagnosed before 1979 , and few of them contribute to the current analysis. In this investigation, radiation exposure was only of interest as a potential confounder or effect modifier of any association of soya consumption with breast cancer risk. All the analyses of dietary factors and cancer risk were adjusted for radiation exposure; furthermore, the results were similar in the subgroup of women exposed to very little radiation. The clear associations of breast cancer risk with established hormonally mediated risk factors suggest that radiation does not mask hormonally mediated effects, and both Land et al (1994a Land et al ( , 1994b and Goodman et al (1997) concluded that reproductive factors affect the risk for breast cancer in this cohort irrespective of the exposure to radiation. We therefore think that it is unlikely that the absence of an association between soya consumption and breast cancer risk is due to the substantial role of radiation as a cause of breast cancer in this cohort.
Another unusual characteristic of this cohort is the strong relationship of breast cancer risk with calendar period. The increase in breast cancer rates between the early 1970s and the early 1990s has been described before both in data from the Hiroshima and Nagasaki cancer registries (Goodman et al, 1994) and in Japan as a whole (Watanabe, 1993; Nagata et al, 1997b) . The cause of this increase is not known. Nagata et al (1997b) estimated that under 40% of the increase between 1959-1960 and 1983-1987 could be accounted for by changes in age at menarche, age at first birth, parity and age at menopause, suggesting that other powerful risk factors must exist. Similarly, in the current analysis, we found that further adjustments for the well established breast cancer risk factors did not substantially reduce the increase in breast cancer risk with calendar period. Changes in diet may be involved in this increase. No clear associations with dietary factors were observed in the current analysis, but the questionnaire covered only a limited number of foods. It remains possible that dietary factors that could not be assessed, for example, total intakes of energy, fat and fibre, could be associated with breast cancer risk in this cohort.
